experience, we hypothesized that an os trigonum would be more common than previously reported.
Methods
All foot and/or ankle computed tomography (CT) scans made between January 2012 and December 2013 in the Academical Medical Center in Amsterdam were reviewed. All CT scans with axial slices of both ankles were included. According to the local radiology protocol for ankle CT scans, axial slices of both ankles were obtained. Only the affected ankle coronal and sagittal slices were reconstructed. The CT scans of patients who underwent hindfoot surgery prior to the CT scan were excluded. In addition, patients with extensive deformation of the ankle joint (ie, rheumatoid arthritis or congenital deformations) were excluded. In cases where patients had multiple CT scans during this period, the first scan was included in this study.
Demographic data, symptoms, indication for CT scan, and affected or symptomatic side were obtained from the medical records. Ethnicity was classified according to country of birth or the country of birth of the patient's parents. 16 Regarding origin, white, Afro-Caribbean/ Surinamese/Central African, Moroccan/North African, Turkish, Indian/Central Asian, Southeast Asian, Middle Eastern, and South American were distinguished.
In total, 628 patients (1256 ankles) were included. Of these patients, 55.9% were male. The median age was 32 years, and a large majority was white. The reason for the CT scan in 84 of the cases was suspected posterior ankle pathology. Of the 1256 ankles, 665 were symptomatic ankles. The remaining 591 ankles were nonaffected (Table 2) .
CT images were assessed, blinded for patient characteristics, for the presence of an os trigonum, size of the os trigonum, and type of os trigonum. In addition, the shape of the lateral tubercle of the posterior talar process was assessed. Presence of an os trigonum was defined as an ununited bone located posterior to the lateral tubercle of the posterior talar process. Regarding the size of the os trigonum, three groups were distinguished based on largest size measured in the axial plane: smaller than 0.5 cm, between 0.5 and 1 cm, and larger than 1 cm. Three types of os trigonum were distinguished: (A) os trigonum with intact lateral tubercle, (B) os trigonum as part of the lateral tubercle, and (C) os trigonum without lateral tubercle ( Figure 1 ). Size of shape of the lateral tubercle was assessed according to the classification by Sarrafian and Kelikian. 13 We defined type III and IV as an enlarged lateral talar process ( Figure  2 ). All images were assessed independently by two observers. In case of disagreement, a third observer was consulted. For assessment of the lateral tubercle and type of os trigonum, the interobserver reliability was assessed.
Statistical Analysis
Descriptive data were presented as frequencies (percentages) for categorical data and as mean (standard deviation) or median (interquartile range) for continuous variables, depending on the distribution. Interobserver reliability was assessed using Cohen's unweighted κ for dichotomous and nominal data and Cohen's weighted κ for ordinal data. To describe the association between sex, age, and ethnicity and the presence of os trigonum, we used a multivariable logistic regression. Associations were reported in adjusted odds ratios (ORs). Data were collected and entered in a SPSS database (SPSS, Inc, an IBM Company, Chicago, IL), and statistical analyses were performed using Rstudio version 0.98.1103 (RStudio, Boston, MA) and R version 3.1.3 (The R Foundation, Vienna, Austria).
Results
In 32.5% of the mixed cohort (both symptomatic and asymptomatic), an os trigonum was present. In 14.3% of these patients, it was present bilaterally. In a subgroup of patients without posterior impingement complaints, an os trigonum was detected in 30.3%. Of the nonaffected ankles, in 23.7% an os trigonum was present (Table 3) . The most common type of os trigonum was type B (κ = 0.77), and 57% of the os trigonum was between 0.5 and 1.5 cm. In the ankles without an os trigonum, an enlarged lateral tubercle of the posterior talar process was found in 34.9 and 36.5% of the ankles (κ = 0.60) (Table 4) .
Ethnicity, age, and presence of posterior ankle complaints were associated with the presence of an os trigonum. Afro-Caribbean/Surinamese/Central African origin was associated with a lower rate of occurrence of an os trigonum (adjusted OR, 0.43; 95% confidence interval [CI], 0.21-0.86). In younger patients, an os trigonum was more commonly detected. Furthermore, patients with posterior ankle impingement were more likely to have an os trigonum (adjusted OR, 1.86; 95% CI, 1.15-3.00) ( Table 5 ).
Discussion
The most important finding of this study was that in a population of patients without posterior impingement complaints, with a prevalence of 30.3%, the os trigonum was more common than previously reported. In a subgroup of all nonaffected ankles, an os trigonum was present in 23.7% of the ankles. Patients with posterior ankle impingement complaints were more likely to have an os trigonum. In addition, we found that patients with AfroCaribbean/Surinamese/Central African origin were less likely to have an os trigonum. No sex-related differences were observed. Of the patients without an os trigonum, in approximately one-third, an enlarged posterior talar process was present.
The frequency of occurrence found in this study is considerably higher in comparison with previous literature. One of the reasons could be that in this study, CT scans were used, whereas other studies often used conventional radiographs, which are known to have lower sensitivity for detecting an os trigonum. Mann and Owsley 7 presented an explanation for the variation in the prevalence reported in literature. The first hypothesis was the use of nondiscriminating terminology, as some authors also classified partially separated or even an enlarged posterior process as an os trigonum, were others did not. However, this makes the high prevalence in this study even more remarkable. Burman and Lapidus 2 reported an occurrence of 50%, but only 6% of them were truly separated, indicating a true os trigonum. Another explanation could be the difference in origin of the investigated populations. For example, Mann and Owsley 7 did not find any os trigonum in a cohort of Native Americans and Inuits. In this study, a difference in prevalence between populations was found; patients with a Caribbean/Surinamese/Central African origin had a lower frequency of occurrence. Last, the age distribution could be a cause for differences in reported prevalence, since in children, the fusion of the secondary ossification center with the talus has not yet occurred.
In a small study on ballet dancers, a prevalence of 30% was reported. 9 It was hypothesized that in these patients, due to the ballet activities at a young age, the os trigonum failed to fuse resulting in a relative high prevalence. With the results of the current study it is questionable whether this prevalence is actually higher than in the general population.
Although occasionally mentioned as the most common cause of posterior ankle impingement, 6 little knowledge on the occurrence of enlarged posterior talar process is available. The aforementioned study on ballet dancers reported a hypertrophic posterior process in 4 of 23 dancers. We found an enlarged process in approximately one-third of the population. When we combine the prevalence of the os trigonum and enlarged process, a similar frequency to that reported by Burman and Lapidus 2 is found. It should be stated, however, that there is no clear definition of an enlarged posterior talar process.
This study has several limitations. One of them is that we only assessed the axial CT images. On these axial images, the presence of an os trigonum is easy to detect, but assessment of the posterior talar process and other anatomical variants is more difficult. Therefore, assessment of prominent posterior downward sloping of the tibia could not be included in this study. In addition, the classification we used for defining an enlarged posterior talar process was arbitrary but was supported by a "moderate" interobserver reliability. We were not able to include information on the activity level of the patients. This could have been an interesting addition, since, as mentioned before, it is hypothesized that physical activity at an early age might prevent fusion of the secondary ossification center. The classification of ethnicity that we used has limitations, since we used only the country of birth. For example, the Surinamese population consisted of different ethnic groups, Afro-Caribbean Surinamese and South Asian Surinamese. We were not able to distinguish between these groups, and hence the ethnicityrelated differences should be interpreted with caution. To gain more insight into the role of anatomic variations in the development of posterior ankle complaints, 3-dimensional assessment and comparison of the anatomy should be performed. Future studies should focus on the anatomical difference between patients with and without posterior impingement. 
Conclusion
This study showed that an os trigonum is a common accessory bone, with a prevalence of 30.3% in a population of patients with out posterior impingement complaints and 23.7% of the nonaffected ankles, more common than previously reported. Patients with posterior ankle impingement complaints had an os trigonum more commonly. In onethird of the patients without an os trigonum, there was an enlarged lateral tubercle of the posterior talar process.
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